Introduction {#S0001}
============

Prostate cancer (PCa), the first common cancer and the second cause of cancer death among men with multifocal and heterogeneous tumors,[@CIT0001] is a complex polygenic disorder that makes it difficult for targeted molecular diagnosis of the disease

The incidence rate of the disease was reported to be one million in 2006, with a 40% increase regarding aging and population growth in 2016[@CIT0002] and an increased prevalence in Iran in the last decade.[@CIT0003],[@CIT0004] Noninvasive methods like the PSA level measurement, rectal exam, and scanning for prostate examinations[@CIT0005] are not sensitive and informative enough for early detection of high score PCa from the low score and those from BPH status.[@CIT0006]--[@CIT0008] Although diagnostic imaging like sonography and computed tomography (CT) scan may detect metastasis and prostate enlargement, the definite PCa diagnosis is still through tissue biopsy. Since most of the biopsy patients tend to have BPH and do not need PCa treatments, tissue sampling is not a prerequisite for them and for almost 70% of PCa cases. Moreover, repetitive biopsy for treatment follow-up may not always be possible or be tolerated by at-risk patients. It is estimated that \<30% of prostate tumors may cause metastasis to other adjacent tissues and may result in death.[@CIT0009] Most cancer patients experience bone metastases at early diagnosis, which makes the additional sampling difficult, painful, and costly.[@CIT0010] Therefore, there is an urgent need for novel markers that either outperform the conventional biomarkers or are to be used in parallel to them to increase the sensitivity and the specificity of diagnostic tests. The new markers could be examined by noninvasive methods like the measurement of circulating cell-free DNA (ccfDNA) in plasma/serum as a liquid biopsy which could replace tissue biopsy and facilitate the evaluation of focal tumors.[@CIT0011] Studies have been conducted on the effect of the magnitude of the blood plasma ccfDNA fragments originating from tumor tissues as well as qualitative studies like mutation and epigenetic studies.[@CIT0012] It is known that ccfDNA has the same genetic and epigenetic characteristics as the tumor DNA in cancerous patients.[@CIT0013],[@CIT0014] The main source of free DNA in the circulation is apoptotic cell's DNA fragments of approximately 185--200 bp length.[@CIT0012] In cancer patients, the plasma DNA fragments are created by necrosis, while in other conditions, appearance of the genomic DNA fragments is a reason of autophagy and catastrophic mitosis or mitochondrial disorders due to incomplete and random digestion.[@CIT0012] One of the methods for evaluating ccfDNA concentration is beneficially using repeated *ALU* repeat elements (247 bp and 115 bp) through quantitative analysis by real-time PCR. For ccfDNA integrity assessment as an index, the ratio of the long DNA fragment concentration to a shorter one is calculated.[@CIT0015]--[@CIT0018] Direct real-time PCR (q-RT-PCR) is a quantitative method for amplification of as little as 0.01 pg of DNA with high linearity.[@CIT0019] Moreover, the ccfDNA values can be used as noninvasive, fast, repeatable, and sensitive biomarkers for molecular detection, prognosis, and treatment follow-up in a variety of cancers including PCa.[@CIT0013],[@CIT0014] The purpose of the current study was to assess the plasma level of ccfDNA concentration and its integrity ratio as new tools for early PCa diagnosis and/or screening. The results of this investigation could probably replace other existing methods such as biopsy or surgery before any treatment such as hormone therapy and radiotherapy in the future.

Materials and methods {#S0002}
=====================

Study population {#S0002-S2001}
----------------

In the present study, we selected 100 subjects including 30 patients with PCa, 40 BPH cases, and 30 normal individuals who were referred to Labbafi Nejad and Shohadaye Tajrish hospitals of Shahid Beheshti University of Medical Sciences, from September 1, 2016, to March 20, 2017. The BPH group was selected based on rectal exam, prostate volume (\>30 mL), and urologist's opinion. The PCa group was also selected based on high PSA, biopsy, and pathology response. Blood samples from PCa and BPH patients were taken and studied after status confirmation by pathology. Healthy people were included in the study based on their urination symptoms, abdominal pain, and PSA measurements. Their ultrasonography and urinary culture were considered safe if they had no surgical treatment before because of the prostate condition. Groups were matched for age.

All participants provided written informed consent, and this study was conducted in accordance with the Declaration of Helsinki.

Blood collection and DNA isolation {#S0002-S2002}
----------------------------------

From each individual, 3 mL fresh venous blood was collected in K2EDTA-containing tubes and processed within 2--4 hrs to separate the plasma. For this purpose, all samples were centrifuged in 3,000 rpm for 15 mins at 4°C and stored at −20°C until ccfDNA extraction. Using NucleoSpin plasma XS (NS) Kit (Macherey-Nagel GmbH & Co. KG, Düren, Germany), 250 μL of plasma was subjected to the extraction[@CIT0020] and the isolated purified ccfDNA was suspended in TE buffer with a final volume of 20 μL and stored at −20°C for further analysis.

Real-time PCR {#S0002-S2003}
-------------

According to the previous works,[@CIT0021] following the quantification of the extracted ccfDNA by spectrophotometer at 260 nm, the ccfDNA samples were also quantified by RT-PCR, where *ALU* repeat elements of 115 bp and 247 base pairs were amplified by specific primers. One set of primers for amplification of *ALU*115 and a second primer set for *ALU*247 amplicons were adapted as it was previously reported.[@CIT0022]--[@CIT0025] Sequences of the primers were as follows:

ALU115 forward primer was 5ʹCCTGAGGTCAGGAGTTCGAG3ʹ and the reverse primer was 5ʹCCCGAGTAGCTGGGATTACA3ʹ;

ALU247 forward primer was 5ʹ GTGGCTCACGCCTGTTAATC 3ʹ and the reverse primer was 5ʹ CAGGCTGGAGTGCAGTGG3ʹ.

Quantitative RT-PCR was performed on Rotor Gene 6000 (Corbett,  Mortlake, NSW, Australia). Each reaction consisted of 11 μL Real Q Plus 2x Master Mix Green (Amplicon "No Rox", Denmark), 2 μL of DNA sample, 10 pmol/L of each forward and reverse primers, and H~2~O to a total volume of 25 μL.

The thermal program for *ALU*115 started by an initial denaturation at 95°C for 10 mins, followed by 40 cycles of denaturation at 95°C for 10 s, annealing at 64°C for 15 s, and extension at 72°C for 20 s ending with a final replication at 72°C for 5 mins. Thermal program for *ALU*247 was as follows: An initial denaturation at 95°C for 10 mins, 40 cycles repetition of denaturation at 95°C for 10 s, 15-s annealing at 67°C, 20-s extension at 72°C which was followed by an extra extension step at 72°C for 5 mins. A negative control was included in every run. The Ct values were used for calculating the ccfDNA concentration by absolute quantification through the standard curve. The ratio of *ALU*247 to *ALU*115 was considered as the integrity value as was previously described.[@CIT0015],[@CIT0018]

Statistical analysis {#S0002-S2004}
--------------------

Statistical analysis was performed by SPSS 13.0, and the *p*-value \<0.05 was considered as statistically significant. The differences between plasma ccfDNA levels of PCa, BPH, and healthy groups were analyzed by unpaired *t*-test, and Chi-square. Correlations between clinicopathological parameters and plasma ccfDNA levels or the integrity index were performed by one-way ANOVA test and post hoc.

Results {#S0003}
=======

Patient characteristics {#S0003-S2001}
-----------------------

The mean age was 63.7±8.0 (48--79 years) in PCa patients, 60.8±8.1 (37--75 years) in BPH group, and 60.6±7.6 (48--76 years) in healthy individuals. There was no significant difference in age between the undergone study groups (*P*=0.23) ([Table 1](#T0001){ref-type="table"}).Table 1Characteristics of the studied groupsNumber of patientsccfDNA (*ALU*115) median (range), (ng/μL)*P*-valueIntegrity (*ALU*247/*ALU*115)*P*-valuePCa3051.03±10.15^a^\<0.0010.35±0.050\<0.001Age (years)63.73±8.09----0.231----tPSA (ng/mL)\<4668.30±41.36^a^0.0240.33±0.050.737\>42446.71±8.09^a^0.35±0.05Gleason score\<61552.48±35.51^a^0.7230.34±0.050.7247838.60±8.25^a^0.36±0.058--10762.11±12.11^a^0.36±0.05MetastaticYes1098.68±24.81\<0.0010.36±0.060.016No2027.20±3.690.34±0.04BPH4013.50±4.400.836\*0.16±0.0490.053Age (years)60.80±8.14----0.231----tPSA (ng/mL)\<42812.07±3.560.0830.15±0.040.091\>41216.83±4.490.18±0.05Healthy subjects309.28±1.510.13±0.02Age (years)60.63±7.69----0.231----tPSA (ng/mL)\<430--------\>4--[^1][^2]

Real-time PCR {#S0003-S2002}
-------------

The amplified products with melting temperature at \~82°C were analyzed for the *ALU* sequences of 247 bp and 115 bp on 2% agarose gel electrophoresis ([Figure 1](#F0001){ref-type="fig"}). Amplification efficiency and accuracy were confirmed by drawing a standard curve in acceptable −3.3 concentration gradient and R≥0.98, R^2^≥0.98 for each of the *ALU* sequences. The concentration of ccfDNA in patients with PCa was 51.03±10.15 ng/mL, significantly higher than that of patients with BPH (13.5±4.40 ng/mL) and of healthy controls (9.28±1.51 ng/mL, *P*\<0.001). The concentration level of *ALU*115 in patients' ccfDNA with metastatic PCa (98.68±24.81 ng/mL) showed to be significantly higher than that of patients with nonmetastatic PCa (27.20±3.69 ng/mL, *P*\<0.001).Figure 1A number of cancerous samples were examined after amplification by real-time PCR. The products were mixed with loading buffer and loaded on 2% agarose gel. Lanes 1--12 are examined samples. The sequences of *ALU*247 (above) and *ALU*115 (at the bottom) are clearly visible. The first and the last wells show the 100 bp DNA marker.

The DNA integrity (*ALU*247/*ALU*115 ratio) in patients with PCa (0.35±0.05 ng/mL) was also significantly higher than patients with BPH (0.16±0.04 ng/mL) and of healthy individuals (0.13±0.02 ng/mL, *P*\<0.001). Also, the DNA integrity in metastatic patients (0.36±0.06 ng/mL) was significantly higher than patients with nonmetastatic PCa (0.34±0.04 ng/mL, *P*\<0.001). Moreover, the concentration level of ccfDNA and its integrity in BPH patients demonstrated no significant increase compared to the healthy individuals (*P*=0.83, *P*=0.05, respectively). In patients with PCa, no statistically significant association was found between total ccfDNA level and Gleason score (*P*=0.72) and prostate volume (*P*=0.20). 20% of PCa and 70% of BPH groups had normal serum PSA level (≤4 ng/mL). A significant association was obtained between the increased level of ccfDNA and normal level of total serum PSA in the PCa group (*P*=0.02). Furthermore, in patients with PCa, there was no significant association neither between the DNA integrity and Gleason score (*P*=0.72) nor between the DNA integrity and total serum PSA (*P*=0.73).

Remarkably, a significant association was found between the DNA integrity and the prostate volume in the studied groups (*P*=0.001).

Discussion {#S0004}
==========

The involvement of approximately 40--70% of men with BPH,[@CIT0026] a more common condition associated with aging men, compared with 16% prevalence PCa is considerable.[@CIT0027] Therefore, new screening biomarkers are needed to prevent unnecessary frequent biopsies and useless treatment of slow-growing and nonmetastatic cancers[@CIT0009],[@CIT0028]--[@CIT0030] to overcome losing early diagnosis of subjects with normal PSA, subjects without clinical symptoms and people with BPH who will be affected with PCa.

Our results were consistent with the previous studies[@CIT0017],[@CIT0021],[@CIT0030] where ccfDNA total and its integrity index in our patients with PCa were significantly higher than those of BPH and healthy group. The reason for using *ALU* repeats to measure ccfDNA short-fragment concentrations and their integrity is the detection of low concentration DNA pieces in plasma by an easy assay with direct q-RT-PCR. Regardless of the differences in the stages of the disease and methods which could affect the value achievement, the difference in the ranges of the screening can vary. The span of ccfDNA values depends on the ethnicity and the genetic background.[@CIT0031] Little differences have been evidenced in different populations when the same method was utilized[@CIT0031] But, when different methods like DNA DipStick and RT-PCR were used to evaluate ccfDNA concentration in newly diagnosed Greek PCa patients, the values were considered significantly different as 236.58±257.8 ng/mL and 20.2±18.7 ng/mL, respectively.[@CIT0016] Therefore, for a fully reliable assessment, a common method with high sensitivity is required to study patients with different conditions.

Fawzy et al found no statistically significant relationship between *ALU*115 ccfDNA integrity, Gleason scores, and stages of the disease, as in our study, and PSA (contrary to our study).[@CIT0021] Also, we found a significant relationship between *ALU*115 ccfDNA (*P*\<0.001) and integrity (*P*=0.05) in metastatic and nonmetastatic patients like them.

In Feng's study, the level of ccfDNA (*ALU*115) and its integrity in 96 Chinese patients with PCa was higher than those of patients with BPH as in our study.[@CIT0017] Also, Feng et al found a significant association between ccfDNA and Gleason score unlike our results, but could not detect any association between DNA integrity and Gleason score, like us. They also revealed that ccfDNA had early diagnosis ability to differentiate PCa from BPH patients with increased PSA (≥4 ng/mL), although a probability of false-negative report exists in the normal range of total PSA. Unexpectedly and contrary to previous studies, our results showed a significant correlation between the level of ccfDNA and low PSA in PCa individuals (*P*=0.024, [Table 1](#T0001){ref-type="table"}). As we indicated, the ccfDNA concentration in 20% of PCa patients with normal PSA was higher than other patients in the PCa group. We did not exclude patients with normal PSA from our final conclusion unlike Feng's. Our trial showed that individuals with normal PSA may have increased ccfDNA concentrations and possibly are susceptible to develop cancer. Therefore, the measurement of PSA alongside with the ccfDNA could reduce the false-negative rate and help in early diagnosis and screening of a group of potential patients instead of missing them from the detection. We conclude that normal PSA should not be excluded from the evaluation because early detection and differentiation of biopsy candidate PCa and BPHs is the purpose of the study.[@CIT0032] Reports indicate that seldom small-cell prostate carcinoma show normal PSA.[@CIT0033],[@CIT0034] In our assay, two of six patients with normal PSA who were candidates for BPH surgery (OP/TURP) were diagnosed with PCa after operation and through pathology results.

Chun et al observed the relationship between ccfDNA concentrations with increasing prostate volume.[@CIT0032] We did not find such a significant association, but instead, we found a significant association between the integrity index and prostate volume elevation (*P*-value =0.001) ([Table 2](#T0002){ref-type="table"}). However, both the measured ccfDNA concentration and its integrity values were significantly higher in metastatic condition (*P*-value \<0.001) while they had no correlation with Gleason's score. The link between ccfDNA level and metastasis could be used for invasive stages. Therefore, as more circulating tumor cells (CTCs), micrometastatic cells, and diffuse malignant cells are disseminated, the more ccfDNA is produced.Table 2Relation between patient's characteristics with ccfDNA (*ALU*115) and integrity (*ALU*247/*ALU*115) in increased prostate volume and normal prostate volume groupNumber of patientsccfDNA (*ALU*115) Median(range) (ng/μL)*P*-value*P*-valueIntegrity (*ALU*247/*ALU*115)*P*-value*P*-valuePCa0.001Prostate volume\<35 g (25 cc)549.090.9560.330.36835g (25 cc)--50g (70 cc)1350.590.34≫50 g (70 cc)1257.120.37BPHProstate volume\<35 g (25 cc)612.150.1610.2070.140.36335 g (25 cc)--50 g (70 cc)2013.060.16≫50 g (70 cc)1415.600.17Healthy subjectProstate volume\<35 g (25 cc)27--------35 g (25 cc)--50 g (70 cc)3≫50 g (70 cc)0[^3]

In order to achieve the definite and applicable range of ccfDNA level for PCa diagnosis in different cancer statues, a larger sample size is necessary to be examined and utilized as a standard level to differentiate healthy from BPH and cancer-affected men.

Moreover, a possible cutoff point for plasma ccfDNA concentration can be introduced to differentiate BPH and nonmalignant states from healthy conditions for Iranian population screening purposes. Also, introducing a uniform method for the disease diagnosis is of importance regardless of the minor differences due to the population differences or hygienic conditions. While this research demonstrated that the aberrant levels of ccfDNA encompass the quantitative abnormalities, it registered that DNA integrity is a qualitative change of PCa disease.[@CIT0012]

The present study lacked large number of samples and separation of metastatic from nonmetastatic understudy groups which should be reconsidered in the future studies.

Conclusions {#S0005}
===========

Total ccfDNA concentration in PCa patients' plasma is significantly higher than those of healthy and BPH groups. Also, ccfDNA and its integrity are higher in metastatic PCa than in localized PCa. Therefore, plasma ccfDNA levels and its integrity can be used to differentiate PCa from BPH in prostatic patients and in healthy conditions for early detection. Plasma ccfDNA and its integrity can act as a facile discriminating marker instead of unnecessary prostate biopsies. The examination of ccfDNA by measuring the concentration of *ALU* sequences in the process of screening and tracking PCa in Iranian male population apparently plays an important role in early detection of the disease.

Suggestions {#S0006}
===========

Using a similar investigation with a larger population will show the validity of our data in the future. Based on the found relationship between ccfDNA with PSA, we recommend the ccfDNA testing for BPH surgical candidates.

Also, we propose to compare the ccfDNA amount in PCa patients with normal PSA of different stages and PCa controls with variable PSA of different stages for a future study. A patient of any stage may have increased ccfDNA but normal PSA and there is no definitive direct relationship between PSA and PCa progression[@CIT0035] It can be proposed that ccfDNA is associated with PCa without a mediator like PSA. Moreover, in poor-differentiated adenocarcinoma prostate patients with low PSA level where early diagnosis is difficult, the ccfDNA concentration may aid to the diagnosis of the disease.
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[^1]: **Notes:** ^a^SE; \*correlation between BPH group and healthy group.

[^2]: **Abbreviations:** BPH, benign prostate hypertrophy; tPSA, total prostate-specific antigen; ccfDNA, circulation cell-free DNA; PCa, prostate cancer.

[^3]: **Abbreviations:** PCa, prostate cancer; BPH, benign prostate hypertrophy; ccfDNA, circulation cell-free DNA.
